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mosome. I am inclined to think there are more than two. It seems prob- 
able that one of these factors was present at the beginning of selection and 
that the others occurred as mutations during the course of the experiment. 
The complete data and analysis will be given in the final paper. 



THE REACTIONS OF THE MELANOPHORES OF AMIURUS TO 
LIGHT AND TO ADRENALIN 

By A. W. L. Bray 

Zoological Laboratory, Museum of Comparative Zoology, Harvard College* 
Communicated by G. H. Parker, January 8, 1918 

The following is a brief summary of results obtained in experiments to test 
the reactions of the melanophores in the skin of Amiurus to light and to ad- 
renalin. The fishes tested were kept under as normal conditions as possible 
and no fish was used until it had become accustomed to its laboratory sur- 
roundings and to handling. 

The melanophores of Amiurus contract under the influence of light of ordi- 
nary intensity and expand in the dark. Fish kept in white porcelain aquaria 
contract the melanophores to a much greater extent than do animals kept 
in black . lined aquaria under similar conditions of overhead illumination. 
When the eyes are removed from normal healthy animals the latter remain 
dark under all light conditions. There are considerable differences in indi- 
viduals with respect to the power of contraction of the melanophores. Some 
fishes become extremely light owing to complete contraction of the pigment 
cells; others, under similar conditions, never become so light. This cannot 
be explained entirely by the relative numbers of melanophores per unit area 
of body surface, as was shown by several counts. It may be due, possibly, 
to differences in nervous excitability. 

If some 'sensitive' individuals are raised to a high pitch of nervous irrita- 
bility, the melanophores are contracted to the maximum extent, and remain 
in this condition for a protracted period, even when the fishes are placed in 
the dark. One such fish was kept in the dark for three weeks and no expan- 
sion was observed in the melanophores. These cells appeared to be in a 
condition comparable to tetanus. 

When such an 'excited' animal, with melanophores contracted, is ether- 
ized, the pigment cells expand and the fish becomes dark. On coming out 
of the ether, the melanophores contract slightly, but if the fish is now placed 
in the dark, the pigment cells gradually assume the expanded condition. If, 
however, the eyes are removed whilst the fish is under ether, there is no 
return to the contracted condition when the animal is subsequently kept in 
the light. The fact that there was no return to the contracted condition 



ZOOLOGY: A. W. L. BRAY 59 

of the melanophores after the eyes were removed, both in normal and 
'excited' animals, suggests that there is an adaptive significance to be at- 
tached to the reactions of the melanophores, and that these reactions are 
mediated by the nervous system through the eyes. 

Excised portions of the skin of Amiurus with melanophores expanded, were 
immersed in solutions of adrenalin of various strengths, others in tap water 
and still others in physiological salt solution, and the rates of contraction 
of the melanophores observed under the microscope. 

Strength of adrenalin solution Average time for maximum contraction 



5000 Almost immediately 

10,000 4 to 6 minutes 

100,000 6 to 8 minutes 

1,000,000 16 to 40 minutes 

2,000,000 120 minutes 

5,000,000 Partial contraction in 3 hours 



If an excised portion of the skin with melanophores contracted is placed in 
ether water, the melanophores expand slowly, whilst the controls, in physio- 
logical salt solution or in tap water, show no change. 

Intra-muscular injections of adrenalin were made, and others of physio- 
logical salt solution as controls. The results on the melanophores were in 
every way comparable to those found for the excised portions of the skin; 
that is, the melanophores contracted after injection of adrenalin at rates 
varying with the strength of the injection. The minimum dilution found 
effective was 1 : 5,000,000. An injection of 1 : 10,000,000 caused local con- 
traction of the melanpphores in the area around the point where the injection 
was made, but not in other parts of the skin. 

The effect of adrenalin disappears after a time varying with the strength 
of the injection and ranging from one to several hours. 

If a fish, which has been injected with 1: 1,000,000 part of adrenalin, is 
etherized when it has reached a condition of maximum contraction of the 
melanophores, there is a perceptible darkening, due to partial expansion of the 
melanophores. On coming out of the ether the fish returns to the light con- 
dition, that is, its melanophores contract. If the fish is subsequently kept 
in the dark the melanophores gradually expand. 

Some fish were removed for a time from the water and two pieces of filter 
paper, one moistened with physiological salt solution and one with a 1 : 100,000 
solution of adrenalin were placed on the skin. After fifteen minutes, both were 
removed. The area of the skin covered by the filter paper moistened with salt 
solution had become lighter, but darkened rapidly on removal of the paper. 
The portion covered by the paper moistened with adrenalin solution was 
quite light, and remained so for about three hours. The influence of the 
adrenalin spread only slightly to adjacent parts, but a light band appeared in 
some cases where a little of the solution had run down from the paper. 
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From the above results it is seen that the melanophores in the skin of 
Amiurus react to direct stimulation by adrenalin. They are also subject to 
nervous control, and this control is mediated through the eye. There is also 
a suggestion of the secretion of a hormone under certain conditions and of 
its influence on the melanophores. 

* Contributions from the Zoological Laboratory of the Museum of Comparative Zoology 
at Harvard College, No. 306. 



FURTHER EXPERIMENTS ON THE SEX OF PARTHENOGENETIC 

FROGS 

By Jacques Loeb 

Rockefeller Institute foe. Medical Research 

Communicated January 23, 1918 

It seemed necessary to furnish proof that by the methods of artificial 
parthenogenesis not only normal larvae can be produced from unfertilized 
eggs but that these larvae can also develop into full sized normal adults. 
This task is difficult to accomplish in sea urchins and thus far only Delage 
has reported that he has succeeded in raising one parthenogenetic larva of a 
sea urchin to the sexually mature. form. 

The possibility of producing artificial parthenogenesis in the eggs of the 
frog by the method of puncture, as demonstrated in the experiments of Guyer 
and of Bataillon, seemed more promising. The writer has made use of this 
method for deciding the question whether such frogs can reach the adult size, 
and determining their sex. He has now raised twenty leopard frogs to an age 
of from ten to eighteen months, and nine of these frogs are still alive. Some 
of these male frogs have reached the full size of the adult male leopard frog. 
We are, therefore, entitled to say that the frogs produced by artificial parthenogenesis 
can develop into adults of full size and of an entirely normal character. 

Loeb and Bancroft 1 tried to ascertain the sex of a parthenogenetic frog 
immediately after metamorphosis but found the gonads in the intermediate 
stage, i.e., testes containing a few eggs, though it was obvious that the frog was 
developing into a male. It was clear that older frogs were needed for the 
decision of the problem of sex. The writer has been able to ascertain the sex 
in nine frogs of the age of from' ten to eighteen months, and in all of these the 
ambiguity inherent in the younger frogs had disappeared. He has already 
reported that the first two of these parthenogenetic frogs has normal mature 
testes containing fully developed spermatozoa. 2 No eggs were found in these 
testes. 

The next four frogs examined were also males, so that the problem seemed 
settled when a year ago last summer one parthenogenetic frog, sixteen months 



